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Antisera against lymphocytes have been in
clinical use for almost two decades as therapy
for the rejection of organ transplants (Hey-
worth M, 1982). The development of monoclo-
nal antibodies (MAb) against lymphocytes has
identified new functional subsets of lymphocy-
tes and has permitted their selective elimina-
tion in vivo (Ritz, 1985; Levy, 1985; Ortho
Multicenter Transplant Study Group, 1985). In
vitro, some antitymphocyte MADb alter the func-
tion of lymphocytes, by acting either as agonists
(Meuer et al., 1984; Ledbetter et al., 1985) or
antagonists (Reinherz et ai., 1981; Spits et al.,
1982) for cell activation. Thus, antilymphocytes
MAbs may find use in vitro not only to elimi-
nate tymphocyte subsets but also to activate or
Inactivate the target cells.

Studies in our laboratory have focused pri-
marily on the in vivo effects of MAb to mouse
T lymphocytes, particularly T “helper/inducer”
cells. These can be identified by MAb GK 1.5,
which reacts with the surface antigen, L3T4,
the mouse homologue for human CD4 (Dialynas
et al., 1983). GK1.5 is a rat IgG2b MAD, an iso-
type that is particularly efficient in depleting
target cells in vivo. We and others have found
that depletion of L3T4 cells from normal mice
(i) abolishes humoral immunity (Cobbold et al..
1984; Wotsy et al., 1985), (ii) reduces cellular
immunity (Cobbold et al., 1984: Woodcock et
al., 1986) and (iii) permits the induction of an-
tigen-specific immune tolerance to some anti-
gens (Benjamin & Waldmann, 1986; Gutstein et
al., 1986). The rat anti-1.3T4 MAD also induces
tolerance to itself, so there is no response by
the host to the MAb (Gutstein et al., 1986).

In several murine models for autoimmunity,
depletion of L3T4 ™" celis prevents and, in some
Instances, reverses autoimmunity (Waldor et al.,
1985; Wofsy & Seaman, 1985; Ranges et al.,
1985; Wofsy, 1986; Christadoss & Dauphinee,
1986). We have studied in particular NZB/NZW
Fi (B/W) mice, which spontaneously develop
an autoimmune disease with features of human
systemic lupus erythematosus (SLE). These fea-
tures include antibodies to DNA, with conse-
quent 1mmune complex glomerulonephritis,

leading to renal failure and death. In published
studies, we used weekly injections of anti-L3T4
MAD to produce sustained depletion of L.3T4"*
cells from B/W mice, from age 4 to 12 months
(Wofsy & Seaman, 1985). At age 4 months
the onset of treatment, B/W mice had little
autoimmunity. Mice depleted of L3T4+
cells beginning at this age failed to generate
autoantibodies, had little renal disease, and sur-
vived significantly longer than untreated con-
trols. Thus, 13T4 * cells are required for the
development of autoimmunity in this murine
model for SLE.

In recent studies, we have demonstrated that
depletion of L3T4 + cells can also reverse estab-
lished disease in B/W mice (Wofsy & Seaman,
1987). In these studies, the initiation of treat-
ment was delayed until age 7 months, when all
mice had autoantibodies, the majority had sig-
nificant proteinuria and/or elevated blood urea
nitrogen, and 20 % had died. When treatment
with anti-L3T4 MAb was begun at this age, the
MADb was less efficient in depleting L3T4 ™" cells
than in younger mice or in normal mice; more
than 8 weeks of weekly treatment with 2mg of
anti-L.3T4 were required to deplete L3T4+ cells
by > 90%. Presumably, this reflects the known
defect, in both murine and human SLE. in the
clearance of antibody-coated cells by the mono-
nuclear phagocyte system (Frank et al., 1979;
Shear et al., 1981). In accord with this. blood
L3T4 * cells were saturated with anti-L3T4
MADb from the onset of treatment.

Although the decline in L3T4 * cells was
gradual in these mice, treated mice showed a sig-
nificant difference from controls within 8
weeks with regard to anti-DNA antibodies and
there ensued a progressive and significant im-
provement in blood urea nitrogen and proteinu-
ria. The median survival in treated mice was >
18 months, compared to 8 months in controls
(p < 0.01). We conclude that 1.3T4 * cells are
required not only to initiate autoimmunity in
B/W mice but also to sustain it.

Because the SLE-like disease in B/W mice
has many similarities to human SLE, these find-
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ings suggest that depletion of CD4 * cells from
patients with SLE might reverse the autoim-
mune disease. However, such treatment would
also render the patients profoundly immunosup-
pressed, and thus at risk for infections and pos-
sibly malignancy. In mice, cessation of therapy
with anti-L.3T4 MAD is followed by gradual re-
covery of L3T4 ™ cells, with consequent restora-
tion of normal immune function (except for
the possibility of immune tolerance to soluble
antigens presented during the period of cell
depletion). Recovery of normal immunity,
however, requires a period of up to 4 weeks
(Seaman, W.E. et al., unpublished observa-
tions). Clinically, it would be desirable if im-
mune suppression by anti-L.3T4 could be more

rapidly reversed. One approach that may permit
this is the use of F(ab’), anti-L3T4 MAb.

The rationale for the in vivo use of F(ab’),
anti-L3T4 is based on in vitro studies with anti-
L3T4 in vitro, in the absence of complement,
anti-13T4 MAb does not destroy L3T4 " cells.
Anti-L3T4 ., however, inhibits the in vitro re-
sponse of L3T4 * cells to antigen on antigen
presenting cells (APC) (Swain et al., 1984).
Anti-L3T4 inhibits the binding of L3T4 * cells
to APC, suggesting a role for L3T4 in cell adhe-
sion. Other studies, however, Indicate that anti-
[3T4 delivers inhibitory signals for cell activa-
tion (Wassmer et al.,, 1985). By either mecha-
msm, anti-L.3T4 has the capibility of inhibiting
the function of 1.3T4 * cells without depleting
them. Similar results have been obtained using
anti-CD4 with human cells.

Based on these findings, we reasoned that
F(ab’), anti-L3T4 might inhibit the function
of L3T4 " cells in vivo without depleting them.
L3T4 * cells coated with F(ab’), anti-L3T4
would not bind to Fc receptors nor fix comple-
ment, so that target cells would not be depleted.
We first tested the effects of F(ab’), anti-L3T4
on the humoral immune response to bovine
serum albumin (BSA) in complete Freund’s ad-
juvant (Gutstein & Wofsy, 1986). Mice treated
every other day with 1 mg of F(ab’), anti-
13T4 had saturation binding of blood L3T4*
cells, with no cell depletion. The immune re-
sponse to BSA was > 95 % inhibited through-
out the 3 weeks of treatment. Upon sacrifice of
the mice at this point, it was found that L3T4"
cells in the spleen and lymph nodes were not
saturated with F(ab’), anti-L3T4, indicating
that inhibition of antibody production did not
require blockade of all L.3T4 molecules.
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We next examined whether F(ab’), anti-
1.3T4 could, like intact anti-L3T4, permit the
induction of antigen-specific immune tolerance
(Gutstein, N.L. et al., unpublished observations).
For these studies we used, as an antigen, a rat
MAD that does not react with mouse cells (anti-
body 2C7, rat 1gG2a). The response of BALB/c
mice to 2C7 is predominently against idiotype
determinants that are not expressed on the anti-
L3T4 MAb (rat Ig2b). When 2C7 is given togeth-
er with intact anti-L3T4 i.e. when L3T4 ™" cells
are depleted, the mice develop long-term, anti-
gen-specific tolerance to 2C7. To examine

whether treatment with F(ab’), anti-13T4
would do the same, a group of 10 mice was
treated with 1 mg of fragments every other day
for 18 days. Beginning with the first injection,
the mice also received 1 mg of 2C7 weekly. As a
control, immunization with 2C7 was not initi-
ated until 3 days after the 18 day period of treat-
ment with F(ab’), anti-L3T4. This control
group responded normally to 2C7. In contrast,
the group injected with 2C7 during the treat-
ment with F(ab’), anti-L3T4 remained
unresponsive to 2C7 for at least 24 weeks there-
after, even though weekly injections were con-
tinued for 12 weeks and were repeated at 18
weeks and 23 weeks.

From these studies, we conclude that F
(ab’), anti-1.3T4 can be used to suppress hu-
moral immunity and induce tolerance (to at
least some antigens), without extensive deple-
tion of L3T4 ™ cells. The haif-life of F(ab’),
antl-L.3T4 is short: within 48-72 hrs, no anti-
body can be detected on L3T4 cells. This per-
mits rapid recovery of normal immune function.

We have begun to examine the effects of
F(ab’), anti-L3T4 in B/W mice. These studies
are complicated by the finding that B/W mice
more readily produce antibodies to F(ab’),
anti-L.3T4 than do normal mice, which produce
no response to 1 mg of fragment every other
day. Thus, in B/W mice treated with F(ab’),
anti-L.3T4, there was suppression of autoanti-
body production, but there was an increase in
immune complex glomerulonephritis that cor-
related with the appearance of host antibodies
to the F(ab’), ant-L3T4. One approach to
circumvent this problem is to give a single injec-
tion of intactanti-LL.3T4 at the onset of therapy.
This renders the mice tolerant to the antibody
and to its F(ab’), fragment (Wofsy, D. et al.,
unpublished observations). This approach is
now being attempted prior to prolonged treat-
ment of B/W mice with F(ab’), anti-13T4.
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We have also treated B/W mice with short
courses of intact anti-L3T4 with the hope that
such treatment might render the mice tolerant
to autoantigen, i.e., DNA. This has not proved
successful. Short courses of anti-L3T4 retard
autolmmunity, but the autoimmune response
recovers when treatment is stopped (Wofsy, D.
et al., unpublished observations).

Ideally, treatment of autoimmunity by anti-
lymphocyte MAbs would be directed uniquely
against cells involved in autoreactivity, leaving
intact the response to foreign antigens. Treat-
ment of mice with anti-L3T4, or of humans
with anti-CD4, does not permit this selectivity.
It has, nonetheless, permitted new insights into
the regulation of autoimmunity. It also provides
a potential means of immune suppression that
IS more specific In its action than cytotoxic
agents.
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